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Abstract: In this paper, we study life time maximization problem for a target surveillance problem in wireless sensor 
networks. In fact, in the target surveillance problem, each target is required to be monitored by at least K different sensor 
nodes and each sensor node is able to monitor at most P different targets at each point of time. We introduce a new network 
model called CTCG (Connected Target Coverage Graph) and formulate the problem based on Linear Programming 
optimization. After solving the optimization problems a heuristic algorithm is taken advantage to obtain some cover trees 
which should be obeyed for a time period called Operation Time Interval (OTI) which is obtained as well. The goal is to 
maximize the coverage time of all targets by sink nodes which needs routing target's data toward the sinks as well as 
scheduling sensors activity. 
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Early researches mainly focus on the sensor nodes to 

I. INTRODUCTION maximize the network lifetime, but a recent trend indicates a 

Recent advances in micro-electro-mechanical systems, focus shift to the behavior of sinks [18]— [23], which can be 

digital electronics, and wireless communications have led to exploited to further improve the lifetime of WSNs. The main 

the emergence of wireless sensor networks (WSNs). WSNs reason that sink mobility can improve network lifetime lies 

are comprised of a large number of sensors devices. Each in the fact that optimizing an objective in a high-dimension 

sensor is capable of sensing, processing and transmitting, space always leads to a result no worse than what can be 

Besides, each sensor can monitor the targets that are located achieved in a subspace of reduced dimension, 

in its surveillance range [1]. In this paper, we investigate the problem of lifetime 

In the target surveillance scenario, sensor nodes are used maximization for target surveillance in WSNs by jointly 

to monitor the targets and collect and transmit the monitored considering sink mobility, routing and scheduling. Given a 

data to the sink node. The location of targets is assumed to set of targets and sensors in an area, the sensors are used to 

be fixed and known for sensor nodes. Target surveillance is monitor the targets. Each sensor can monitor targets that are 

very useful in many applications such as monitoring the within its surveillance range, and a target can be located in 

temperature of some machines in a factor, monitoring the the surveillance range of several sensors. Each sensor has a 

chemical composition around some cargo containers which limited energy and is able to monitor at most P target at each 

carry dangerous chemicals in long journey of shipment, etc. point of time. Besides, each target should be monitor by K 

Considering that sensors are typically energy-limited, the different sensor nodes. In fact, in some applications, it 

problem of optimizing the network lifetime while fulfilling required to monitor each target with several sensors at each 

target coverage requirements is an interesting and point of time. 

challenging issue. In fact, to maximize the network lifetime, The rest of this paper is organized as follows. Section II is 

there are three main approaches: 1) energy efficient routing the problem definition. Section III formulates the problem 

(i.e. data packets are gathered and routed efficiently to the which introduced in section II. Simulation results are given 

sink node[2]-[7]), 2) scheduling sensor node (i.e. the sensors in section IV. Finally, section V concludes the paper, 
are scheduled to take on or off modes in order to reduce 

energy consumption[8]-[12]) 3) integrated routing and n - PROBLEM DEFINITION 

sensor node scheduling ( maximizing the network lifetime We consider the following scenario. Targets with fixed 

by jointly assuming the routing and scheduling problem known locations should be monitored by the sensors in field 

[13]-[17]). such that the sink node would be aware of the situation of 

each target continuously. Sensors are energy limited and 
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usually are not rechargeable. Running a sensor out of energy 
may cause the monitoring of some targets impossible. 
Besides, we assume that at the network startup all targets are 
covered by at least one sensor and there is a way from all 
sensors to the sink node. In addition, all of the sensors have 
the same communication and sensing range and they are 
aware of their location by using a localization mechanism. 
Furthermore, the location of the sink and targets are assumed 
to be known for sensor nodes. 

Generally sensors can be categorized and scheduled by 
their assigned tasks. A sensor which performs sensing task 
and monitoring is called a source sensor. A sensor which 
does not perform sensing task and does relay task is called 
relay sensor. Note that a sensor can be both as source and 
relay node. If a sensor is a source sensor or/and relay sensor, 
it is an active sensor; otherwise it is in the sleep state. In this 
section we first formally define the three problems addressed 
throughout this paper. 

A sensor which does sensing task and performs 
monitoring is called a source sensor and a sensor which 
doesn't perform sensing task and does relay task is called 
relay sensor. Note that a sensor can be both as source and 
relay node. If a sensor is a source sensor or/and relay sensor, 
It is an active sensor; otherwise it isn't an active sensor and 
it is in the sleep state. 

We assume that all source sensors have the same data 
generation rate for a target. In the other words, all source 
sensors use the same sampling frequency, quantization, 
modulation and coding scheme for each target. Therefore, a 
fixed amount of bits, denoted by P which is called coverage 
rate, is generated by each source sensor for a target in a 
second. 

Given N energy constrained sensors, M targets and a sink 
nodes, it is required to schedule the sensor such that: 

1. Each target should be covered by at least K source 
sensors. 

2. Each source sensor is connected directly to at most P 
target. 

3. There should be a route from each source sensor to the 
sink node which passes through the relay nodes. 

The many-to-one data flow pattern in WSNs which is also 
called as convergcast causes the sensors which are located 
near the sink nodes relay more data than the other ones. 
Relaying more data leads to more energy consumption. 
Therefore, sensors close to the sink nodes consume more 
energy than the other ones. In the same way, in CTC 
problem sensors which are connected to the sink node tends 
to run out of energy faster. Hence, specifying the optimal 
location for the sink node and the efficient routing for the 
sensors would improve the network lifetime notably. 



Sink placement and routing have direct impact on each 
other. Indeed, for each sink location, there exists a particular 
efficient routing which maximize the network lifetime. On 
the other hand, sink location should be determined according 
to the routing algorithm. Although it is possible to decouple 
these two problems ( see [give some citations]) but the best 
approach is to find the routing and sink position 
simultaneously. It should be stressed that, in reality the 
number of candidate points for sink placement is infinite. 
However, for sake of simplicity, the sink node can be 
located only in some restricted candidate points (i.e., the 
sensor locations). 

Without loss of generality, we assume the target 
surveillance problem with N energy constrained sensors, M 
targets and a sink node. The sink node can move and change 
its location to maximize the network lifetime. Actually there 
are two approaches, unconstrained and constrained mobility, 
for exploiting sink mobility to improve network lifetime. 

In unconstrained mobility scenarios, the sink node can be 
move to any point in the field. Since there is no limitation on 
the sink mobility, the number of possible locations for sink 
mobility is too many. By increasing the number of possible 
locations, the problem complexity increases too. But the 
optimal sink mobility pattern could be found by using this 
approach. 

Conversely, the sink node can just move between a finite 
numbers of possible locations in constrained mobility 
scenarios. Given that only a handful of points are possible 
locations, the optimal answer cannot be always achievable. 
On the other hand, this approach has less complexity than 
the previous one. If the possible ones are good 
representatives for all locations, the answer would be close 
to the optimum answer. 

In fact, sink mobility, no matter unconstrained or 
constrained mobility, can increase the network lifetime 
because mobility increases the dimension and the degree of 
freedom of the problem. 

In this paper we focus on constrained mobility approach. 
The sink is constrained to where the sensor nodes are. Since 
the sensor nodes are scattered randomly in the field, sensors 
location can be a good handful of all possible locations in 
the field. Accordingly in target surveillance problem with 
mobile sink, routing and scheduling of the sensors and the 
sink sojourn time at each possible locations should be 
determined such that the network lifetime is maximized. 

m. Proposed Formulation 

In this section we first mention the formal formulation of 
the problems defined in previous section. The results of 
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proposed optimization approaches are used for obtaining 
some cover trees and their OTI (Operation Time Interval). 

Let S= {Si^Ss,...^} (|5|=N) , L={p 1 ,p 2 ,p 3 ,...,p M } 
(|L|=M) and R denote the set of deployed sensor nodes , 
targets and the sink node, respectively. 

LetS s and S r indicate the set of sensors which are in source 
and relay modes. 

Letefy denotes the energy consumed to transmit a bit of 
data from node i to node j. Then it would be: 



We also define t k as the time span for the k th epoch. A 
new epoch begins when the sink node changes its location. 
We simplify the formulation by assuming that the sink is 
collocated with node k during the k th epoch. Therefore, t k 
shows the sojourn time of the sink node at sensor k in 
second. 

Hence, the linear formulation of the problem is as 
follows: 



=e t + b x df: 



(1) 



Where e t and b are constants and dy is the Euclidean 
distance between node i and j. a is path loss parameter which 
takes value between [2,4]. Let e r denotes the energy 
consumed for receiving a bit of data. Since the sender node 
controls its transmission power level, the receiver node 
consumes a constant amount of energy for receiving a bit of 
data. Let e s denotes the energy consumed for sensing a 
target for a bit of data. Suppose that f3 s (r) denotes the 
number of targets which sensor s monitors them for x 
seconds. If the coverage rate is P then the energy consumed 
in a source sensor for x second is the sum of sensing and 
transmitting energy. So the energy consumed in a source 
sensor ;' which monitors^ (r)targets for x second to and 
transmits the monitored information to node j would be: 

E(i, t) = /?. e s . 0;(t) + p. efj. f (r) i £ S s andi <£ S r (2) 



Max Z = T 



^ FZ < TP/3 



ZvizLesFk^Eo-ertirnKp 



(4) 



A relay node receives data from its child nodes and 
transmits them to its parent. For a given relay node i,(Pi(r) 
denotes the number of targets which node i relay their data 
for x second. The energy consumed in relay sensor is the 
sum of its receiving and transmitting energy. So the energy 
consumed in a given relay sensor ;' which transmits its traffic 
to node j for x second would be: 

E(i, t) = p.e r .<Pi(j) + p.efj.<p t (j) i £ S s andi £ S r (3) 

As mentioned before, a sensor can operate at both of 
source and relay mode. In this situation the energy 
consumed in x second is equal to the summation of equation 
(2) and (3).A sensor which is neither in source nor in relay 
mode is in sleep mode and does not consume energy. 

A. Proposed Formulation 

Assume that the initial energy of each sensor is £ .Let T 
denotes the network lifetime. For each target /, F[j shows the 
total information flow from node i to node j which belongs 
to target P (i.e. monitored information of target /). 



£ t t = T (10) 

Based on the assumption, the objective function (4) aims 
to maximize network lifetime for target surveillance 
problem. 

Constraints (5) are the flow balance constraints written for 
each target i. It guarantees that each target would be 
monitored by rate of pbits per second. Besides, traffic from 
each target will be ended at a sensor node. Indeed, we 
assume that sink node is not capable of sensing targets and is 
equipped only with receiving devise which enables it to 
receive data from sensor nodes. 

Constraints (6) are the flow balance constraint written for 
each sensor i. It guarantees that total input flow to sensor is 
equal to total output flow in CTCG model. Obviously, input 
flow of each sensor starts from another sensor or a target and 
output flow of each sensor ends at a sink node or another 
sensor node. 
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Constraints (7) insure that each sensor node monitors at 
most P targets at each point of time. 

We assumed that sink node is not capable of sensing a 
target and can just receive data from other sensors. Because 
of that, the total input flow to each sensor from other 
sensors for each target should be equal to t t Kp. Constraints 

(7) should be written for each sensor node. 

Constraints (8) insure that the sink node will receive its 
data from other sensors while the sink is co-located to sensor 
;'. Since the sink node will stay at the location of sensor 
fortj secondsand receives data instead of the sensor i, the 
sensor node wont consume energy for receiving timKfi bits 
(i.e. the sink node receive mKfi bits per second). Constraints 

(8) should be written for each sensor and target in the 
network. 

Constraints (9) insure that the sum consumed energy for 
receiving, transmitting and sensing in each sensor is not 
greater that its initial energy. Constraint(9) should be written 
for each sensor node. 

Constraint (10) insure that the total sojourn time of the 
sink node is equal to the network lifetime (i.e. sink mobility 
happens during the network lifetime). 

By using the polynomial-time algorithms such as ellipsoid 
algorithm [24] we can solve the proposed linear 
programming formulation and determine the optimal result 
for each network. 

The output of this formulation will be the network 
lifetime, sink sojourn time at each possible location and 
dataflow matrix which shows the routing in the optimal 
solution. 

IV. Simulation Results 

In this section, we evaluate the performance of proposed 
model by solving the proposed linear programming 
formulation. Furthermore, to demonstrate the superiority of 
our algorithm, we compare it with MLSTS (maximal 
lifetime sensor-target surveillance) introduced by [13] for 
different scenarios. 

We simulate a stationary network which its sensors and 
targets are deployed randomly in a 100 mxlOO m area. Data 
sensed from each target is generated by rate 
10KbpsOS=10Kbps). 

Each sensor covers a disk centered at itself with a fixed 
sensing range equal to the disk radius and for all sensors 
sensing range is equal to 20 m(fi s =20m)and they have the 
same maximum communication range which is equal to 40 
m(fi c =40m). In static sink scenarios the sink node is located 
at the center of the field. 

Each scenario plotted on the figure is the average of 20 
networks which are generated randomly. LINGO [25] is 
used for solving the proposed linear programming 



formulations. Thereafter, OMNET++ [26] is used to 
simulate the solutions solve by LINGO (i.e. sink sojourn 
time at each possible location and dataflow matrix which 
shows the routing). 

In Fig. 3, for target surveillance problem, we study the 
impact of sensor density on the performance of our 
algorithm and compare it with target surveillance approach 
with static sink proposed in [13]. The number of sensors (AO 
varies between 40 and 100 while there are 20 randomly 
scattered targets (M=20) in each scenario. It target should be 
monitored by at least one sensor node (K=l). It can be seen 
that the lifetime achieved by our proposed approach is about 
1.71 of proposed approach in [13]. 

In Fig.4, for full coverage, we evaluate our algorithm with 
different number of targets varying between20 to 70 and 
compare it with static sink method. 

Apparently network lifetime decreases as the number of 
targets increase. More targets results in more data traffic in 
the network. The figure shows that the network lifetime 
achieved by mobile sink- is always higher than the one by 
static sink method. 




Number of Sensors 



Fig. 3. Impact of sensor density .mi the large: surveillance lifetime 




Number of Targets 



Fig. 4. Impact of targe! density on the target surveillance lifetime 
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In Fig. 5, we study the impact of K on the performance of 
our algorithm. When K=l, each target should be monitored 
by at least on sensor at each point of time and when K=2 
each target should be monitored by at least 2 different sensor 
nodes at each point of time. 

Likewise, when K=3 each target should be monitored by 
at least 3 different sensor nodes at each point of time. We 
assume that at each target is located in the sensing range of 
at least K sensor at the network initialization. 

When each target is required to be monitored by more 
sensors (i.e. K is increased), more sensor nodes are required 
to be in the source mode in order to monitor the specified 
targets. 

Besides, the network traffic is increased when each target 
is required to be monitored by more sensor nodes at each 
point of time. However, Fig.5 indicates that using a mobile 
sink can improve the target surveillance lifetime. 

In fact, when a static sink node is used, the sensors which 
are connected directly to the sink node, tends to run out of 
energy faster than the other sensor nodes in the network. By 
using a mobile sink, the heavy traffic load can be distributed 
on sensor nodes. 
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iz 


■ Target surveillance with Mobile Sink 
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Fig. 5. Impact of K on the target surveillance lifetime 



V. Conclusion 

In this paper we study on the target surveillance problem 
in which fixed and static targets are required to be monitored 
by sensor nodes continuously. Each sensor has limited 
sensing range. Each one of the sensor nodes can monitor the 
targets which are located in its sensing range. Network 
lifetime increased not only by finding out the optimal 
routing and scheduling, but also finding out an appropriate 
location for the sink node. 



We consider connectivity and coverage considering 
overlapped targets in our modeling and linear programming 
formulation and use a more realistic consumption model 
than the model used in [5] which didn't consider the number 
of observed targets in energy consumption model of each 
sensor. 

At each point of time each target is required to be 
monitored by at least K different sensor nodes. Besides, each 
sensor node can monitor at most P target at each point of 
time. 

Because of the limited energy at the sensor nodes, it is 
required to prolong the network lifetime. We proposed a 
simulation manner that is useful for reality implementation 
of the proposed algorithms and study the difference between 
theoretical results and the simulation results using our 
proposed simulation manner and try to figure out the reason 
for this difference. 
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